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Abstract 
Smart cities provide citizens with information on various urban services and allow them to track the impact of their resource
consumption on the overall sustainability of their city. The premise of smart cities is that with improved access to information on 
resource consumption, residents make better use of those resources, resulting in increased sustainability of the city.  
This paper explores the influence of the smart city technologies on individuals’ resource consumption behavior, in particular
on energy consumption, aiming at achieving environmentally sustainable development. This approach combines systems thinking 
with existing social science theories, such as cognitive and learning theories, to explore the impact of smart city information on 
individual decision-making and behavioral change. Using a CLIOS (complex, large-scale, interconnected, open, and 
sociotechnical) model, a conceptual soft systems model, the paper explores the impact of smart city technologies on behavioral 
change of households with regards to energy consumption.  
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The world population is expected to reach to nine billion in 2050. The population growth rate is more significant in 
developing countries. Accordingly, providing the basic needs of human beings such as space and basic materials to 
live implies a further increase in environmental impacts1. However, Natural resources are limited. On the other 
hand, energy demands and costs are increased over time2. Increasing usage of energy-intensive products and 
services directly affect greenhouse gas emissions and climate change3. Since the beginning of 20th century, the 
global mean of surface temperature has increased by 0.6◦C. The northern hemisphere surface temperature has 
increased more in the 20th century than the previous 1,000 years. The warmest decade of the millennium was the 
1990s and the warmest year was 19984. The National Academy of Sciences (NAS) predicts a global mean surface 
air temperature increase of 2.5 to 10.4◦F between 1990 and 2100 due to increasing greenhouse gases5. Therefore, 
there is urgent need to a move towards urban sustainability and in particular reducing energy consumption. Recent 
studies show that information and Communication Technologies (ICTs) play an active role in reaching the goals of 
urban sustainability. Benefiting from ICTs, we can reduce energy costs, increase energy efficiencies, and improve 
the quality of life in cities6. The utilization of ICTs by citizens, service providers and city government has formed 
the general concept of a smart city. 
In smart cities, governments and businesses invest in ICTs to improve sustainable development and quality of 
life, by providing smart urban infrastructures that will inform residents about the desired environmental agenda7. In 
fact, a smart city provides the required infrastructure for citizens and officials to make more intelligent decisions. In 
doing so, it plays an essential role in dealing with challenges relating to ecological, social, cultural, and economic 
sustainability8. 
Smart cities provide citizens with information on various urban services and allow them to track the impact of 
their resource consumption on the overall sustainability of their city. The premise of smart cities is that with 
improved access to information on resource consumptions, residents make better use of those resources, resulting in 
increased sustainability of the city. This paper explores the influence of the smart city technologies on individuals’ 
resource consumption behavior, in particular on energy consumption, aiming at achieving environmentally 
sustainable development. This approach combines systems thinking with existing social science theories, such as 
cognitive and learning theories, to explore the impact of smart city information on individual decision-making and 
behavioral change. Using a CLIOS model, the paper explores the impact of smart city technologies on behavioral 
change of households with regards to energy consumption. CLIOS process as an organizing mechanism helps to 
understand the structure and behavior of system and identify strategic options for improving, developing, and 
monitoring system’s performance and strategic alternatives9. 
The paper maps the impact of information technologies on the individual’s energy-related decision-making 
process. The paper further discusses the role of information technologies as a way for residents to change energy 
behaviors and explores the mechanisms by which information sharing enables overcoming resistance against 
change. The model shows how communication and collaboration within an urban system can result in more 
effective energy structures and practices. 
The paper is organized as follows. First, section II represents social science theories, such as cognitive and 
learning theories, that can be utilized to explore the impact of smart city information on individual’s decision-
making and behavioral change. Then, in Section III, the authors explore strategies to influence behavioral change. 
Section IV presents a conceptual CLIOS model to investigate effects of information feedback and socioeconomic 
structure in managing energy consumption behavior. Finally, conclusions are drawn in Section V. 
2. Theoretical Background 
According to social learning theory, the result of interactions between personal and environmental variables identify 
behavior. Although environment plays a key role in shaping behavior though learning, environment, itself, is shaped 
by individuals. Individuals’ behavior is the result of direct experience, observational, or vicarious learning10. Social 
learning theories express that most behaviors lead to consequences that in turn feedback to behavior, either 
maintaining or changing behavior in the future11. Social cognitive theory explores that neither environment nor inner 
forces control individuals. Social cognitive theory addresses “an agentic conceptual framework to analyze the 
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determinants and psychosocial mechanisms through which symbolic communication influence thought, affect and 
action”12. The theory points to the psychosocial functioning as a triadic reciprocal caustion including cognitive, 
behavioral and environmental events that operate interm of interacting determinants and influence each other 
bidirectionally. Each of the major interactants in the triadic causal structure –cognitive, behavioral, and 
environmental– functions play an essential role in the dynamic environment13. In other words, the theory 
emphasizes the importance of evolutionary factors in human adaptation and change while denies the social behavior 
as result of evolved biology. In practice, social cognitive theory focuses on a key role of social and technological 
innovations in creating new environmental selections that while push for being adaptive have no effect on biological 
evolution12. 
In Bandura’s social cognitive theory, self-efficacy is the core construct. Bandura defines self-efficacy as 
individual’s confidence in producing behaviors. According to the theory, behavior change is result of a personal 
sense of control. In practice, if people believe that they can take action or if people have a sense of self-efficacy, 
they take action or they commit more to do so13. The concept of self-efficacy plays an essential role in models of 
behavior change. Self-efficacy affects initiating the behaviors as well as the level of effort required to maintain the 
behaviors. In practice, the development of self-efficacy is investigated by the theory of social learning since most of 
self-efficacy is learned through social contexts15. Self-efficacy is highly crucial in decision about behavioral 
maintenance. In fact, individuals maintain a behavior when they are able to perform that behavior. In other words, 
because perceived self-efficacy is thought to be able to facilitate the initiation of behavior change, people who reach 
the maintenance phase of the behavior change process should be characterized by a relatively high level of self-
efficacy16. 
 
3. Behavior Change (Household Energy Consumption Behavior) 
Social behavior change is not always welcomed by individuals and resistance against behavior change is one of the 
major challenges that sociologists deal with. Change is a source of stress for individuals and habits are a source of 
resistance. In practice, individuals do not want to lose their control on their life in the new condition17. Energy 
consumption feedback strategy plays a key role in energy use reduction by 10-15% on average18. Both energy 
consumption feedback and price strategies impact on reduction in energy consumption. Social norms are able to 
influence energy conservation through interactions between friends, neighbors, family in the community that 
emphasizes on energy saving. Energy cost, environmental attitudes, and social interactions affect energy 
conservation19. To change energy behavior, belief, value, and attitude should be considered. Combination of 
information and goal setting strategies is able to motivate individuals to have an energy efficient pattern. According 
to a psychological tendency, individuals look for supportive information to decrease their energy consumption. To 
achieve such goal, individuals need to improve their attitude and obtain required information20. 
Psychological variables and the contextual conditions affect energy consumption behaviors. Contextual 
conditions are complex and heterogeneous categories that include physical structural conditions (e.g., home size, the 
design of houses including room sizes and window area, technologies including furnaces and thermostats, standards, 
and the format and frequency of information about the households energy consumption), socio-demographic 
characteristics (household size, and number of teenagers in the household, age, and gender of household), 
supporting infrastructure and institutions (e.g., electricity grids, utility tariffs, and services) as well as cultural and 
economic aspects (e.g., social norms including indoor temperatures and room occupancy profiles, as well as 
economic incentives such as income of household occupants) 14, 21. Accordingly, the sociostructral condition 
enhances households’ self-efficacy and their effort regarding to energy efficiency behaviors14. 
Both technology and human approaches are able to motivate sustainable energy behavior. In human approach, 
“understanding how and why people use energy” play role in achieving energy conservation. Technologies provide 
real-time and continuous energy consumption feedbacks including energy use, energy cost, and environmental 
impact and influence positively on energy behaviors20. 
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4. A Conceptual Model for the Energy Consumption Behavior Change 
The CLIOS process shown in Fig. 1 illustrates the impact of smart cities on households’ energy behavior. The 
structure of CLIOS application represents actors, policy/regulations, interventions/decision variables, behavioral 
variables, and goal/performance metric in the process of households’ energy behavior change. As shown in Fig. 1, 
utility companies, local-, state-, and federal-government, urban non-governmental and sustainability groups, 
residents and households all are key actors in this process. External variables include technology and cost 
improvement in solar and wind energy, climate change, limited natural resources, population growth, economic 
growth, and costs of fossil fuel. 
Information historic and comparative feedbacks including raw energy use (kWh), environmental impact (CO2) 
and economic incentives positively alter residential household demand for energy. In the process of energy saving, 
moral utility that identifies believes, values, attitudes, routines, norms, self- efficacy, constraints, and habits play a 
key role in social pressure for increased environmental sustainability. On the other hand, physical-structural 
conditions including home size, room size, widow area, technology, and standards positively influence information 
on energy consumption behavior and residential households’ demands for energy. Socio-demographic 
characteristics including households’ size, household income, size of the home, age-compositions, and households 
education level affects the residential energy consumption from fossil resources. For the demand side of energy 
management strategy, demand load shifting is applied during off-peak hours to reduce air pollution. Informative 
energy billing influences comparative information energy, decreases energy demand of households, reduces 
residential energy consumption, negatively affects greenhouse gas emissions, and finally improves urban 
environmental sustainability. In this process, resistance to behavior change negatively affects residential energy 
demand, adoption of household solar and wind energy technologies, and urban environmental sustainability 
condition. 
On the hand, Fig. 1 shows the impact of urban environmental sustainability on social norms and attitudes 
towards sustainability. Household sustainability indexes alter both the impact of comparative information on energy 
consumption behavior and the impact of cost and emission information on solar and wind energy adoption. 
Moreover, number of households in the neighborhood with renewable energy systems positively affects moral utility 
that in turn impacts peer (social network) pressure. In addition moral utilities affects sustainability and the 
adaptation of household solar and wind energy technologies. Peer (social network) pressure for increased 
sustainability, adoption of household solar and wind energy technologies, number of households in the 
neighborhood with renewable energy systems, and moral utility all compose the reinforce loop that reinforces 
change with even more positive change. 
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5. Conclusion 
In smart cities, comparative energy information on various urban services affect households’ energy behavior to 
improve urban environmental sustainability. The premise of smart cities is that with improved access to information 
on resource consumption, residents make better use of those resources, resulting in increased sustainability of the 
city. According to social learning and social cognitive theories, the information technologies of smart city impact 
positively on energy conservation. The CLIOS conceptual model represents the process of energy behavior change 
based on socio-structural and technostructural context and can be used to assess whether such assumptions are true 
if integrated into a systems model. Once a CLIOS model is constructed one can design experiments that test the 
assumptions of change underlying social learning and cognitive theories. This is possible by creating a set of metrics 
for each of the variables and controlling for changes in behavioral outcomes. What the CLIOS model shows is that 
the combination of changes in renewable technology as well as awareness campaigns and comparative information 
can collectively drive a change both in consumption behavior as well as the adoption of renewable energy systems, 
contributing to reduced environmental impact. Additionally individual household changes are also driven by social 
norms, which change in a feedback loop structure, as the consumption behavior in the city changes. This represents 
both the promise and challenge of smart energy usage, as a shift towards less sustainability in a community can have 
a negative impact on individual household behavior and vice versa. Future work will focus on designing 
experiments to assess the strengths of each of the given interventions in a more quantitative framework.  
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